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I, Ted Y. Tsai, declare thai: 



6^^ 



1. lam 



c,,w«=t iMtter of the above-referenced invention, 

1 i the inventor of ihe subject roaner oi uu= a« 

-«n«carion International P^»er Company. 

2 I„tolinu«dy6ndliar^ll.4e.FPU«>..n«^'l«lu«<»yofe«.ccp 

.ni ^uctton » pracic of a« iaveoSon de«i.»d aod claimed 4= app.ic«ioc^ 

3 Long brfbr. October,. 19,5. 1 ob«xve<l tordroBCupero^fewas 

^ fi>.the blocking of pulp P^duccd puips havi.. blg.bri*.a«» "^"^t^ 
Jv, .„,^v«tel>BKluctav«sisnlfica«ly reduced as COB^ to tt^^^ 

^^^Cnly ch.0^ -a , or cUorine dio:ddc along <^ 

„3co.^and...d^^^^^^^^^^^^^^„,^^ 
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ApplicarionNo. 09/609.513 

j= 1 --p.«sv;r^(. ttTflffe and certain additives which 
one or more iiuti«l chloriive dioxide stage., a final peroxide stage, and certain 

protect the viscosity and yield propcxties of the pulp. _ ^ 

5 TO that «uJ, an investigation was conducted Of dmerentox««u«s 

.^.cesandaddi^ves. ... the inves^gation. I deteunined that pulp co^^^^^ 

lelleached in a se^T^ence having a first chlorine dioxide 3U.ge. a second cHonne dioxide 

andalinalp^o^destagcwithachela^agentadditivcheingaddeatot^P^^^^^^^ 

final peroxide stage. I found That such a bleaching ^quence produced pulps havn^g 

excellent brightness values whUe preserving viscosiiy and pulp yield values comparable to 

non-peroxide based bleaching sequcnees. 

6 Conceptionandreducfiontopiacticeofmyinventionisevidencedinthc 

attached Record of Invention Mcnxorandmn (Exhibit A) I prepared and sent to International 
Paper's patent counsel well before Octobex 1, 1995. All of Hxe experin«:nts described m the 
Memorandum werecarriedoutweUbeforeOctoberl. 1995. As may be seen &om the 
Tables on pages 4-13 of the Memorandum. I canied out numerous e=cperimenls wherein a 
pulp wa5 bleached in aD.E,^P (v^eh may also be characterized as a D„ E^.P 
sequence) bleaching sequence in which a chelating agent such as EDTA or DTP A was added 
to the second "D" stage (Examples 2 - 8, 12 - 18 ). The experiments revealed favorable 
results both in terms of viscosity and yield and in lenns of final brightness values. 

I hereby declare that all statements made herein of my own knowledge arc tiue 
ar.d that all siatemerfs m^ on inf onnalion and beUef Bxe beUeved to be true, and further that 
these statements are made with the knowledge that willfbl f»lse statements and the hke so 
^ are punishable by fine or imprisomnent. or both, under Section 1001 of Titje 18 of the 
United States Code and that such willful felse statements may jeopardize the validity of the 
application or any patent issued thereon. 
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SUBJECT: IP Case 4779; Bleaching Processes for 

Minimizing Chlorinated Organics. 
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W.T. Zielinski 

FROM: T.Y. Tsai 

cc: T.E. Amidon 

R.B. Phillips (Bel Air) 

J.J. Renard (Bel Air) 
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Attached please find the results from our recent study for IP Case 4779- 
Bleaching Processes for Minimizing Chlorinated Organics. It focuses on: 

* 111® ^ll^^l °t changing T stage in a bleaching sequences, 

* The effect of different CAs, 

* The sequential and simultaneous addition of CAs 

* The use of CA in a bleaching tower dilution or washer vat, 

* The use of CA in an extraction stage. 

If^you have any questions, please call me at (914) 577-7471. Thank you very 



T.Y. Tsai 



jni(24779.tt] 
Att. 
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IP Case 4779: Bleaching Processes for Nininizing Chlorinated Organics 

In order to reduce the formation of dioxin and chlorinated organics, the 
use of chlorine-compounds can be decreased by increasing temperature, 
pressure, or chemical charge in Eo+p or E2 stage. But, the amount of 
peroxide can be used is low because of pulp viscosity and yield loss. 

[2] Objective of this Invention: 

The object of this invention is to use chelating agents (CAs) in a 
chlorine, chlorine dioxide, or alkaline stage or a combination of stages 
to improve the efficiency of non-chlorine-compound bleaching, especially 
peroxide, and reduce the use of chlorine-compounds with reduced loss of 
pulp viscosity and yield compared to current technology. Some operating 
windows for technical success have been identified. 

[3] Technical Findings: 

The following nine points summarize the important findings: 

(1) The CA can boost pulp brightness in the peroxide 

stage, particularly in a P stage after a chlorine dioxide 
stage. The addition of CA can prevent viscosity 
loss up to a certain brightness above which the protecting 
effect decreases and the brightness level at which the 
change occurs depends on the characteristics of pulp that 
have not been fully explored. 

(2) The screening of 7 CAs indicated that EDTA and DTPA 

are the most effective chemicals (Exp No. 1-8 and 11-18). 

(3) The sequential addition of CA is more efficient than 
simultaneous addition with chlorine dioxide or chlorine or a 
mixture (Exp No. 1-8, 11-18 and previous ROI). We expect that 
the application of hypochlorous acid follows the same rule. 

(4) CA can be added in the washer vat or bleaching tower exit 
dilution zone (Exp No. 21-28). 

(5) The addition of CA can be in chlorination or chlorine 
dioxide stage or the combination (discussed in previous ROI). 

(6) T stages (addition of CA) can be added in different 
places of a bleaching sequence, but the addition of CA in a 
Dl or after a Dl stage is more efficient than other 
placements tested (an important finding, Exp No 31-35). ' 

(7) The addition of CA can be in an extraction stage or the 
combination of chlorination and extraction stages (Exp No 41 
to 48) . 
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(8) CA can be applied in 3 [D/CEo+pP], 3-1/2 [D/CEo+p(dP) or 
D/CEo+p(hP)], 4 [D/CEo+pDP], 5 [D/CEo+pDPD] , or 6 
[OD/CEo+pDPD] stage bleaching sequences. 

(9) CA can be used in chlorine, chlorine-free, and chlorine- 
compound-free bleaching processes. 



[4] EXAMPLES 

ABBREVIATIONS FOR TABLES 

TEA: Triethanol amine 
GA: Gluconic acid 
STP 
TAR 
DMA 



Sodium triphosphate 
Sodium tartrate 

2-hydroxy-4,6,-dimethoxy-acetophenone 
DTPMA: Diethylene-triamine-penta-methylene-phosphonic acid CA or 
EDTA: Disodium salts of ethylene-diamine-tetra-acetic acid 
DTPA: Penta-sodium salts of diethylene-triamine-pentaacetic acid 
CS: Sandoz stabilizer CS 



Explanation for Table 1: 

Different CAs are added in the chlorine dioxide stage of DoEo+pDP sequence 

after chlorine dioxide (D) is added. The time can range from a few seconds to 1 

to 2 hrs. The addition of CAs results in an increase in the efficiency of 

subsequent peroxide stage bleaching. Approximately 1 to 2.5 units higher 
brightness are obtained. With EDTA and CZ (Exp No 2 and 8), the final pulp 
viscosity is 1 to 3.5 point higher than the control. 



4 



IP Ciase 4779 



TERNAL MEMORAN 

- 4 - 



D 



Table 1 - The Effect of Sequential Addition of CA in Dl Stage 



cXp 

No 


bleaching 
Sequences 


CA in D Stage 


Brightness 
(%GE) 


Viscosity 


1 


DoEo+pDP 


No CA 
(Control) 


86.3 


15.7 


2 


DoEo+pDP 


0.4% EDTA 
after 30 min 


88.7 


19.5 


3 


DoEo+pDP 


0.2% DTPA 
after 30 min 


88.9 


15.1 


4 


DoEo+pDP 


0.5% STP 
after 30 min 


87.1 


11.6 


5 


DoEo+pDP 


0.3% DTPMA 
after 30 min 

^ " » III 1 t 1 


88.3 


13.8 


6 


DoEo+pDP 


0.3% DMA 
after 30 min 


87.5 


15.1 


7 


DoEo+pDP 


0.5% TAR 
after 30 min 


87.5 


11.3 


8 


DoEo+pDP 


1% CZ 

after 30 min 


87.3 


16.8 



Notes: 

[2] B^^^cSInT™^ ''''^-''-'^ ^^---^^^ =31.7 CP 

inJ}T'' °'o ^i)lo^i"ation factor, 50-C, 40 min 10% esc 
Eo+p stage: 2.7% NaOH, 0.6% perox de, 10% esc hr as-r 

i:t\rs]""'"" '''''''' NaOH 'lJ%^'se,1o-6, 

P stage: 1.5% peroxide, 1% NaOH, 0.05% MgS04, 90'C, 10% esc 



Explanation for Table 2: 
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gain in Exp No 12 and 18 and a 3.8 point viscosity gain in Exp No 
Table 2 - The Effect of Simultaneous Mdit1„„ „f r. „, 



No 


Seouences 


CA in D Stage 


Brightness 
(%GE) 


Viscosity 


11 


DoEo+pDP 


No CA 


87.3 


15.3 


12 


DoEo+pDP 


0.4% EDTA 


87.5 


19.5 ^ 


13 


DoEo+pDP 


0.2% DTPA 


85.0 


17.2 


14 


DoEo+pDP 


0.5% STP 


86.8 


12.8 


15 


DoEo+pDP 


0.3% DTPMA 


86.5 


13.6 


16 


DoEo+pDP 


0.3% DMA 


85.0 


14.5 


17 


DoEo+pDP 


0.5% TAR 


87.2 


14.6 


18 


DoEo+pDP 


1% CZ 


87.8 







Iz) ei«chl„Tc^n°d'u?o°^s!'""'' "-^"sity-ai.; CP 

Eo°4'nl^eM nXmTJ^l'''''-J'>'^- " '<« esc. 

0 staoe- n a*'^hi» • ' S:^'' P«''<""<'e, lOX esc, I hr 85*r 
D stage. O.«chlonnc dioxide, 0.16* NaOH, 'l« c«, lo-6, 

P stage: I. K peroxide. 1% NaOH. 0.05% HgS04, 90-C, 10% esc. 
Explanation of Table 3: 

s'Lml addftlon^^n't'he'welchlnJ'fo'"" H°^'' ^'''^ ''^^"^"'f to 
washer vat dilution ,„nf Dleaching tower dilution zone or 

%GE brightne y 't°h"e addit?oTorcA ° " (""f"'. 87.3 

about 1 to 2.5 point. improves the brightness by 
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Table 3 - Ihe Effect of CA MdUion i„ Dl Dilution Zone or Washer Vat 

Exp Bleaching CA in D 5tlal "kli^hl .".7 
No Sequences washer vat ^ Viscosity 



VV-r f 



11 DoEo+pDP No CA 
21 DoEo+pDP 0.4% EDTA 



87.3 15.3 
88.9 17.9 



22 DoEo+pDP 0.2% DTPA 89.4 

23 DoEo+pDP 0.5% STP 

24 DoEo+pDP 0.3% DTPMA 



13.8 

89.8 14.6 



88.3 16.0 



Notes: 



P stage: 1.5%^peroxide, 1% NaOH, 0.05% MgS04, 90-C, 10% esc, 
Explanation for Table 4: 

wa'shinTISilhtd ilttlircll l: ir^'t '''''' °^ 

bleaching. The CA ?s addL fLo^ !^ enhancement of peroxide 
later after chl or ii^l d?ox?dJ Ihh^?-^' ^^P^^ison 5 minutes 
dilution zone E^p No 28) ^ °^ the 

three options sS a 2 toS LfJ? l''^ ^^^P No 27). All 

acid wash only control (Exl ^ 25)1^% brightness than the 
viscosity. ^ ^"^ 4 to 7 point higher 
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Table 4 - Conpari 



son of Different Modes of CA Additi- 



on 



Exp Bleaching CA in D Staqe Briaht"nacc"7/;::::::.: 



25 DoEo+pDP 



26 DoEo+pDP 



27 DoEo+pDP 



28 DoEo+pDP 



No CA 
Only acid wash 
(60 C) 

0.4% EDTA 
added After 5 min 
Acid wash {60 C) 

0.4% EDTA 
added to acidic 
washing liquor (60 C) 

1% CSC ' 



86.8 



89.8 



88.7 



0.4% EDTA 89.5 
added at end, 10% esc 
then diluted to 1% esc 
(60 C) 



9.8 



16.8 



13.4 



13.3 



Notes: 

11] B^^^h'InTconJSs^"^^' '^'''^''-'^ viscosity=31 .7 cP 

D stage: 0.4% chlorine dioxid^':°'j'l6%'N°IoSr'l %« 

1.5 hrs. The CAs were added at the end of bleachina 
dissolved CA in eO'C and pH 4 water, and mix ?oJ J^' 

P stage: 1.5%^ peroxide, 1% NaOH, 0.05% MgS04, 90'C, 10% esc. 



***************************** 

Explanation to Table 5: 

I5'^,?J?-^rs"L^I i? tZllll' ' ' 

The following 6 options are studied: 

* T after extraction stage but before D stage (Exp No 33), or 
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34)f 0? """" " " added (Exp No 



Table 5 - Comparison of Effect of Changing T Stage in a Bleachi 

Exp Bleachinq pa n 

No*^ Sequence! Condttions ^li^'r" "'fSf^^'^ 



na 



1 


DoEo+pDP 


No CA 
(Control) 


86.3 


15.7 


31 


DoTEo+pDP 


As Note (2) 


87.3 


12.6 


32 


(DoT)Eo+pDP 


As Note (2) 


87.3 


11.4 


33 


DoEo+pTDP 


Separate T stage 


88.9 


12.3 


34 


DoEo+p{D->T)P 


Add 0.4% EDTA 
After 5 min 


88.8 


18.6 


35 


DoEo+p{Dt)P 


Add to washer vat 


86.7 


15.6 


36 


DoEo+pDTP 


Separate T stage 


88.9 


17.9 



Eo+D staap- 9 iv ^Inu ntl .J"^* ^" ^' PH=1.6. 

co+p sxage. z.7/0 NaOH, 0.6% peroxide, 85*C, 1 hr, 10%csc 

oxygen pressure from 45 psig to 0 osia within ihv 
D stage: 0 4% chlorine dioxide, o'l6% uIoh'V.I Vrl,V. esc 
70 C acid wash with about pH 4 water. CA s 
disodium salt of EDTA. • li 

T stage: After Eo+p stage, pH=4. 90*C im r^r 1 hv, 
P stage: 1^% peroxide.'l% Im] I'oli AgloS^go^'i hrs, 



10% CSC* 
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Explanation for Table 6: 



In this experiment, CAs are added in extraction stage and Dl 
stage to explore the possibility of using CAs in extraction 
stage. 

P°EPP sequence, Exp No 41 has no any CA in any stages. Exp 
No 42 has TEA in extraction stage, and Exp No 43 has GA and MgS04 
in extraction stage. With GA a 7 point higher brightness is 
obtained (78.0 vs 70.9 %GE), while with TEA. a 2.3 point 
brightness gain is resulted (73.2 vs 70.9 %GE) . 

For DoEpDP sequence, while CA can be added in D stage to evaluate 
the effect of CA in extraction stage. 

(1) For no CA in extraction stage, as previous results showed 
that adding CA in D stage (Exp 41d vs 41b) has a 4 point 
brightness gain (87.6 vs 83.2 %GE). 

(2) For adding TEA in extraction stage, same as above results, 
only 4 point brightness gain is obtained. That 

means even though TEA remove some harmful metals from the 
pulp. But its effect is less than that adding CA in D stage. 

(3) For adding GA and MgS04 in extraction stage, the addition of 
CA in D stage only show slightly brightness gain (Exp No 43d 
vs 43b), but some viscosity loss. Without CA in the D stage, 
similar to that with CA 87.1 %GE brightness is obtained. 
However, high pulp viscosity is obtained (22.2 cP vs 12.9 cp) 
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Table 6 - Effect of CA in Extraction and Dl Stages 



bxp 
No 


Bleaching 
Sequences 


Ep 
Stage 


D Brightness 
Staap /einF\ 


Viscosity 


41 


DoEpP 


No additive 


No 70.9 


23.3 


41a 


OoEpO 


Same as 
above 


Acid wash 77.2 
(PH=4) 


25.2 


41b 


DoFnDP 


odm6 aS 

above 


Acid wash 83.2 
(PH=4) 


16.4 


41c 


OoEpD 


Same as 
above 


Add CA 77.3 
after 30 min. 


28.7 


41d 


DoEpDP 


Same as 
above 


Add CA 87.6 
after 30 min. 


16.2 


42 


DoEpP 


0.9% TEA 


No 73.2 


25.9 


42a 


OoEpD 


Same as 
above 


Acid wash 77.2 
(pH=4) 


27.2 


42b 


DoFnDP 


odme as 
above 


Acid wash 83.2 
(pH=4) 


16.8 


42c 


DoEpD 


Same as 
above 


Add CA 77 5 
after 30 min. 




42d 


DoEpDP 


Same as 
above 


Add CA 87.7 
after 30 min. 


16.0 


43 


DoEpP 1.4% GA 
0.4% MgS04 


No 79.1 


21.3 



43a DoEpD 



43b DoEpDP 



43c DoEpD 



43d DoEpDP 



Same as 
above 

Same as 
above 

Same as 
above 

Same as 
above 



Acid wash 78.0 
(pH=4) 

Acid wash 87.1 
{pH=4) 

Add CA 79.4 
after 30 min. 

Add CA 87.8 
after 30 min. 



30.6 



22.2 



28.6 



12.9 



t I 
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Notes: 

(1) Pine Bluff softwood pulp, Kappa=30, viscosity=31.7 cP 

(2) Bleaching conditions: 

Do stage: 0.2 chlorination factor, 50"C, 40 minutes, 10%csc. 
Ep stage: 2.7% NaOH, 1% peroxide, 90*C, 1 hr, 10%csc. TEA is 

triethanolamine, GA is potasium salt of D-Gluconic 

acid. The brightness of Ep pulp for Exp 41; 58.3, 

Exp 42; 66.1, Exp 43; 62.5 %GE. 
D stage: 0.4% chlorine dioxide, 0.16% NaOH, 1.5 hrs, 10% esc, 
70'C, acid wash with about pH 4 water. CA is 
di sodium salt of EDTA. 
P stage: 2% peroxide, 1.3% NaOH, 0.05% MgS04, 90T, 3 hrs, 

10% CSC. 

************************************************* 
Explanation for Table 7: 

Table 7 illustrates the results of adding CA in the extraction 
stage only. With or without a T stage, Exp No 47 and 47a or Exp 
48 and 48a produce same brightness. This indicates that the 
addition of CA in the extraction stage produces similar effect as 
that T after extraction stage. 
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Table 7 - Effect of CA in Extraction Stage Only 

Exp Bleaching Ed p " 

No___Sequence_s__ _stage stage (Ige)'" 

47 DoEpTP Nop- 0.81%P com 75.6 26 1 
47a DoEpP No P 1.35%P con, 75.6 21 0 

48 DoEpTP 2%P 0.82%Pcom 81.0 215 
48a DoEpP 2% P 0.74%P con, 81.1 22.I 

Notes: 

The brtghtnes/if Ep ^„ p°''fSrExp 4?- 'Is"?"'""'"''"' "TPA 

Exp 48; 62.2 %GE. ' "■'> 

I stage: 0.4% CA, pH.4-5 irw on.r , .. 

P stage: a.^pe.J.e, =i J^nSIS; Vos.'^l^, go.. , 

Explanation of Table 8: 

-iShe. 5Hght„ess thaS th:t'„:e^?,S°I?%ic^^''?Ej^'^i Ufa,'"' 
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Table 8 - Hardwood Pulp Bleaching Study 



Exp Bleaching Do Dl or P D2 or P Brightness Viscosity 

J «ji,avjc OtavjC OUage (7elit) (cP) 

114a DoEo+pDP CF=0.2 0.3% D 0.8% P 89.1 13 l 

0.5% CA (0.44% com) (87.7) 

115a DoEo+pDP CF=0.2 0.3% D 0.8% P 79.5 9 2 

No CA (77.8) 

116 DoEo+p(DP) CF=0.2 0.3% D 0.8% P 86.3 15 5 

0.5% CA (85.6) 

117 DoEo+p(hP) CF=0.2 0.5% h 0.8% P 83.7 13 0 

0.5% CA (82.8) 



Notes: 

(1) Texarkana hardwood pulp, Kappa=14.6, viscosity=22.5 cP 

(2) Bleaching conditions: 

Do stage: 60'C, 35 minutes, 3.5% esc. 

Eo+p stage: 1.5% NaOH, 0.6% peroxide, 85'C, Ihr. 

oxygen; 45 psig->0 psig. 
Dl stage: 0.4% NaOH factor, 10% esc, 70*C, 

1.5 hrs. CA is di sodium salt of EDTA. 
D2 stage: 10% esc, 70'C, 3 hrs. 

P stage: 1.5% NaOH, 0.05% MgS04, 90'C, 3 hrs, 10% esc. 



